THE city of Pulaski in Giles County, Tenn., affords an area in which the intermittent fluoridation of water can be studied. The effect on the teeth of children of intermittent fluoridation of a municipal water supply has not been reported.
Dean," Arnold, 3 Klein,17 and many other investigators have shown that groups of children who consume waters containing small amounts of fluorine (0.5 ppm. or more) experience less dental decay than do comparable groups of children who use fluoride-free water. Arnold3 has shown that children who are born and reared in communities whose domestic water supplies contain more than 0.5 ppm. fluorine experience less dental caries than do children living in areas where the domestic water supply is fluoride-free. Arnold2 has proposed that water containing 0.5 to 0.7 ppm. fluorine in the southwestern United States might have an effect equal to that of water of 1.0 to 1.5 ppm. fluoride in the north central section, and concluded that only a small amount of fluorine is necessary to produce the desired effects.
McKay, 33 Churchill, 30 Smith, 34 and Dean6' 7, 1 have demonstrated that small quantities of fluorine consumed in a water supply during tooth development may result in mottled enamel, 1 ppm. representing a safe threshold. 31 Russell'9 has reported a study of a community in which the water supply was accidentally fluoridated to a mean level of 1.15 ppm. fluorine for eighteen months. On the basis of caries prevalence, he found no demonstrable inhibition of dental caries in the younger children of the community. In the same group he did find that 1 per cent of the girls and 5 per cent of the boys had very mild or mild dental fluorosis. Klein, 15 in an investigation of a community water supply that was accidentally fluoridated (1.2 to 2.2 ppm. fluorine), found a marked reduction in the incidence and prevalence of dental decay in persons born in or migrating to the area. He concluded that the deciduous teeth were protected to a greater extent against caries in those children to whom the fluoride city water was available than among those children who used farm well water, even though their homes were in the same area. Children born, reared, and residing in the fluoride area who -had consumed the city water exhibited lower DMF rates at every age than did children who consumed the city water in the nonfluoride area.
Hardgrove and Bull13 have established a "def" rate of 1.27 for children 5 to 6 years of age who consumed water with a fluoride content of 2.3 ppm. A group that consumed water containing .05 ppm. had a def rate of 4.82. Bu115 claimed that the def rate for deciduous teeth increases when the fluorine content falls below 2 ppm. while the DMF rate remains as low at 2 ppm. as it does at 1 ppm.
Velu28 reported observations which show that mottled enamel exists in many phosphate zones of North Africa. He has demonstrated that this dystrophy is only an occasional symptom of chronic intoxication resulting from prolonged consumption of water which has flowed through layers of phosphate.
Dean8 observed mottled enamel in a few families using ground water which had traversed rock phosphate beds in Hickman and Maury counties of Tennessee. The number of children examined in the areas was few, but the prevalence of mottled enamel was high, suggesting the presence of fluorine in this area. Smith Table IV presents the data on the prevalence of decayed, missing, and filled permanent teeth in Pulaski in relation to the source of water and the period during which this source of water was used. There is a higher prevalence of DMF teeth for those children with mixed water histories who used well or spring water in 1948, than for those with mixed water histories who used municipal water supplies in 1948 for the age group 6 to 17 years of age. The results indicate that the difference is not consistent in all age groups, since only those for the 17 year age group and for the 6 to 17 age group are significant. Table IV also shows that there is a slight but significant difference between the children who consumed municipal water continuously since birth and those who had consumed well or spring water continuously since birth. The DMF rate for the 6 to 17 year age group, consuming municipal water continuously since birth, is 1.52 teeth per child, whereas, the children consuming well or spring water continuously since birth had a DMF rate of 2.79 teeth per child. The difference between the children with mixed municipal water histories who had 2.40 DMF teeth per child and the group with pure municipal water histories who had 1.52 DMF teeth per child is significant, but the difference between the children with mixed water histories who consumed well or spring water (3.20 DMF teeth per child) and the children with pure water histories who consumed well or spring water continuously since birth (2.79 DMF teeth per child) is not statistically significant. Table V relates the def prevalence rates compared to the source of water and the period of use. There is no significant difference in any of the def rates in Pulaski with reference to source of water and period of use.
Table VI presents data comparing the fluorosed permanent teeth in Pulaski with the source of water and the period of use. The difference in the number of fluorosed teeth per child of those using municipal water supply in 1948 (mixed municipal water histories) and of those using wells or springs in 1948 (mixed well or spring water histories) is significant for the 9 year age group, the 12 year age group, and the total age group 6 to 17 years of age, the other age groups not being significantly different. A comparison of the differences in fluorosed teeth per child of those using the municipal water supply continuously since birth (pure water histories of the municipal water supply) and those using wells or springs continuously since birth (pure water histories for wells or springs) indicates that the difference only for the 9 year age group and total group 6 to 17 is significant. The difference between the number of fluorosed teeth per child among those using the municipal water supply in 1948 (mixed histories for municipal water supply) and those using the municipal water supply continuously since birth (pure water histories for the municipal supply) is not significant for any individual age group or the total age group 6 to 17 years of age. The same observation holds true for the differences in but there is very little of the rich Bigby formation found in that county and none is found close to Fayetteville, Tenn., which has a spring as the source of its municipal water supply. The community of Wales, just north of Pulaski on Richland Creek, is the location of a phosphate processing plant which was thought to be the source of the fluoridation of Richland Creek. The three patients with severe cases of mottled enamel detected in the Pulaski examinations came from Wales, which has no municipal water supply. Tables VII and VIII present the fluorine, in ppm., that is found in the municipal water supplies of Fayetteville and Pulaski distribution systems. The Fayetteville distribution system constantly had 0.0 ppm. fluorine, while the samples of the Pulaski water provided levels that ranged between 0.2 and 1.0 ppm. fluorine.
Fluorine determinations were made on raw untreated water of Richland Creek before it entered the water treatment plant at Pulaski. On Nov. 18, 1948 , the water at the bridge and at the plant had 0.5 ppm. of fluorine, while that in the municipal system had 0.20 ppm. Since the def rates per child of the Pulaski children in relation to source of water and period of use are not statistically significant, the rates will not be discussed nor any conclusions attempted, although they do seem to indicate that the effect of the fluoride water on the deciduous teeth is not as great as that observed on the permanent teeth.
Number I
The mottled enamel in all but three children observed in these examinations was of the mild or very mild type. More fluorosed teeth and fewer DMF teeth per child were detected in the children using the municipal water supply with a mixed or continuous exposure to fluoride waters. The difference seems to indicate again that the creek and river waters of the phosphate area in Giles County have a higher fluorine content than do the well or spring waters of this area.
The Giles County area is rich in a phosphate that contains a high fluorine (F) content. The municipal water supply of Pulaski was not accidentally fluoridated, since the results indicate a relative benefit to those children who had used the wells and springs of Giles County. Since the watershed of Richland Creek flows through the richest of phosphate fields it is possible that this creek, as the source of the municipal water for Pulaski, has a greater fluorine content than does the well or spring water of the area because the undifferentiated, the Bigby, and Hermitage layers are the layers richest in phosphate and have the highest fluorine (F) content.
The water samples taken in the Pulaski distribution system are intermittent in F content while the samples taken in Fayetteville are constantly zero. Arnold3 has suggested that 0.5 ppm. is necessary before appreciably low experience of dental caries can be observed. The data submitted in this paper would seem to indicate that a lessened dental caries can be experienced with an intermittent fluoridation varying from day to day in the fluorine concentration.
SUMMARY
Mouth mirror and explorer examinations were made of the teeth of 894 white children 6 to 17 years of age in the Pulaski elementary and high schools. From Fayetteville schools 542 children served as controls, the municipal water supply of that town containing no trace of fluoride. The dental examinations of the two examiners were similar and standardized, and the impression of the examiners was that the children examined in Pulaski and Fayetteville had similar dietary and economic status.
The data indicate that the children using the water of the Pulaski area have fewer DMF teeth than do the children using the water from the Fayetteville area. The def rate per child of the Pulaski group was found to be 2.48 teeth per child for the 6 to 13 year age group and 3.77 teeth per child in the 6 to 8 year age group. For the Fayetteville group the def rate per child for the 6 to 13 year age group was 3.83, and for the 6 to 8 year age group was 7.21. There was a lower DMF rate per child in those children using the municipal water supply in 1948 with mixed exposure (2.40 for the age group 6 to 17 years of age) and for those using the municipal water supply with a constant exposure (1.52 for the 6 to 17 year age group) than for those using wells or springs with continuous exposure (2.79 for the 6 to 17 year age group).
The municipal water supply of Pulaski, which is Richland Creek, is fed by a system of creeks that flow over and through regions rich in phosphate rock that have a high fluorine (F) content. The intermittent fluoridation of the waters of J. D. Res. February, 1953 Richland Creek is caused by the waters flowing through the areas rich in phosphate and the concentration of the fluoride in the water and appears to be related to the amount of water saturation in the ground.
The results of this study indicate that there is a definite relation between the phosphate rock of the area and the fluoride content found in the ground and surface water of the area. The richer the phosphate rock in this area the higher the fluorine content that can be expected in the water. CONCLUSIONS 1. The lower DMF and def rates in Pulaski are due to the presence of fluoride in water of that area.
2. The lower DMF rate in the children using the municipal water in 1948 and continuously since birth is due to the presence of a greater fluoride concentration in the creeks of the Pulaski area.
3. The higher prevalence of mottled enamel observed in the Pulaski children who had consumed the municipal water in 1948 or continuously since birth is due to the greater fluoride concentration in the creeks of the Pulaski area.
4. The intermittent fluoridation appears to be due to creeks passing over phosphate rock rich in fluorides at varying rates of speed.
5. There seems to be a definite relation between the phosphate rock of this area and the fluoride content of the water of the same area. 6 . A beneficial effect of fluoridation on teeth can be observed when the water supply is intermittently fluoridated in a range of 0.2 to 1.0 ppm.
